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shaft and which 1s electrically coupled to the rotor winding
system, wherein the at least one mverter 1s configured to
generate actuation signals for the rotor winding system such
that a first rotor rotating field and a second rotor rotating
field rotating 1n opposition to the first rotor rotating field are
generated. The at least one mverter 1s configured to generate
the actuation signals for the rotor winding system solely
depending on signals detected on the rotor side.
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Fig. 5: Position of the current components with respect to the
reference system
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METHOD FOR OPERATING A DRIVE
SYSTEM, AND DRIVE SYSTEM

BACKGROUND AND SUMMARY OF TH.
INVENTION

T

The mvention relates to a method for operating a drive
system, and to a drive system.

DE 10 2013 208 344 A1l describes a drive system com-

prising a three-phase motor and at least one inverter. The
three-phase motor has a shait, a first three-phase stator
winding, a second three-phase stator winding and a rotor
winding system. The first three-phase stator winding 1s
connected to a three-phase AC voltage grid. The second
three-phase stator winding 1s connected to the three-phase
AC voltage grid 1n such a way that a second stator rotating,
field rotating 1n opposition results with respect to a first
stator rotating field which 1s generated by means of the first
stator winding. The rotor winding system 1s mechanically
coupled 1n a rotationally fixed manner to the shatt. The drive
system further has at least one inverter which 1s mechani-
cally coupled 1n a rotationally fixed manner to the shaft and
which 1s electrically coupled to the rotor winding system.
The at least one mverter 1s designed to generate actuation
signals for the rotor winding system 1n such a way that a first
rotor rotating field and a second rotor rotating ficld rotating
in opposition to the first rotor rotating field are generated.

The object of the mvention 1s to provide a method for
operating a drive system and a drive system which allow
reliable operation of the drive system.

The invention achieves the object by way of a method for
operating a drive system and a drive system 1n accordance
with the claimed invention.

The method serves to operate a drive system as 1s
described in respect of 1ts basic construction in DE 10 2013
208 344 A1l for example. The drive system has a three-phase
motor and at least one inverter. The three-phase motor has a
shaft, a first three-phase stator winding, a second three-phase
stator winding and a rotor winding system. The first three-
phase stator winding 1s connected to a three-phase AC
voltage grid. The second three-phase stator winding 1s
connected to the three-phase AC voltage grid in such a way
that a second stator rotating field rotating in opposition
results with respect to a first stator rotating field which 1s
generated by means of the first stator winding. The rotor
winding system 1s mechanically coupled 1n a rotationally
fixed manner to the shaft. The drive system further has at
least one inverter which 1s mechanically coupled 1 a
rotationally fixed manner to the shaft and which 1s electri-
cally coupled to the rotor winding system. The at least one
iverter 1s designed to generate actuation signals for the
rotor winding system in such a way that a first rotor rotating,
field and a second rotor rotating field rotating in opposition
to the first rotor rotating field are generated. The actuation
signals can be, for example, actuation voltages or actuation
currents.

The actuation signals for the rotor winding system are

generated solely depending on signals detected on the rotor
side.

According to the invention, in the drive system with
rotor-side drive electronics, the variables required for con-
trol purposes are ascertained solely by means of a sensor
system, which 1s arranged on the rotor side, 1n order to avoid
transmission of time-critical measurement variables from
the stator side to the rotor side.
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2

The signals detected on the rotor side can comprise or be
phase current signals (phase currents) of the rotor winding

system.

The phase current signals detected on the rotor side can be
divided by calculation into first components, which belong
to the first rotor rotating field, and into second components,
which belong to the second rotor rotating field.

The phase current signals which are associated with the
first rotor rotating field and with the second rotor rotating
field can be divided by calculation 1into symmetrical com-
ponents with co-rotating and counter-rotating components
given an asymmetrical time profile of the three-phase AC
voltage grid.

A first load angle, which belongs to the first rotor rotating
field, can be calculated from the divided phase current
signals, a second load angle, which belongs to the second
rotor rotating field, can be calculated from the divided phase
current signals, and an actual grid voltage angle and/or an
instantaneous rotor position can be ascertained based on the
first load angle and the second load angle.

The signals detected on the rotor side can further com-
prise rotor voltages of the rotor winding system, wherein the
rotor voltages of the rotor winding system are measured in
a zero-current state of the rotor winding system, wherein
values of an instantaneous grid voltage amplitude, and/or of
an 1nstantaneous grid frequency, and/or of an instantaneous
rotor rotation speed and/or of an mstantaneous rotor position
angle are ascertained based on a time profile of the rotor
voltages.

The dnive system according to the invention has a three-
phase motor and at least one 1inverter. The three-phase motor
has a shaft, a first three-phase stator winding, a second
three-phase stator winding and a rotor winding system. The
first three-phase stator winding 1s connected to a three-phase
AC voltage grid. The second three-phase stator winding 1s
connected to the three-phase AC voltage grid in such a way
that a second stator rotating field rotating in opposition
results with respect to a first stator rotating field, which 1s
generated by means of the first stator winding. The rotor
winding system 1s mechanically coupled 1n a rotationally
fixed manner to the shaft. The drive system further has at
least one, 1n particular precisely one, inverter which 1s
mechanically coupled 1n a rotationally fixed manner to the
shaft and which 1s electrically coupled to the rotor winding
system. The at least one 1nverter 1s designed to generate
actuation signals for the rotor winding system in such a way
that a first rotor rotating field and a second rotor rotating
field rotating 1n opposition to the first rotor rotating field are
generated. The inverter 1s designed to generate the actuation
signals for the rotor winding system solely depending on
signals detected on the rotor side.

The drive system or the inverter can have a signal
detection device which 1s designed to detect the rotor-side
signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described 1n detail below with
reference to the drawings, in which:

FIG. 1 shows, 1n a highly schematic manner, a dnive
system comprising a three-phase motor and a rotor-side
inverter,

FIG. 2 shows a counting direction and a designation of
inverter currents,

FIG. 3 shows an example of a three-phase asymmetrical
current system,

FIG. 4 shows various signal profiles,
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FIG. 5 shows a position of current components with
respect to a reference system,

FIG. 6 shows a voltage system on a rotor,

FIG. 7 shows a voltage system on a rotor with separated
star points,

FIG. 8 shows an equivalent circuit diagram for determin-
ing the load angle without taking into account resistive
losses,

FIG. 9 shows load angles with respect to time during
acceleration under constant load, and

FIG. 10 shows a profile of a load angle.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows, 1n a highly schematic manner, a drive
system 100 comprising a three-phase motor 10 and a rotor-
side inverter 13.

The three-phase motor 10 has a schematically illustrated
shaft 11, a first three-phase stator winding 12 which 1s
connected to a three-phase AC voltage gnd U, V, W, a
second three-phase stator winding 13 which 1s to be con-
nected to the three-phase AC voltage grid in such a way that
a second stator rotating field rotating in opposition results
with respect to a first stator rotating field which 1s generated
by means of the first stator winding 12, and a rotor winding,
system 14 which 1s mechanically coupled i a rotationally
fixed manner to the shaift 11.

The mverter 15 1s mechanically coupled 1n a rotationally
fixed manner to the shait 11 and electrically coupled to the
rotor winding system 14. The at least one inverter 15 1s
designed to generate actuation signals for the rotor winding
system 15 1n such a way that a {irst rotor rotating field and
a second rotor rotating field rotating 1n opposition to the first
rotor rotating field are generated.

The mverter 15 has a signal detection device 16 which 1s
designed to detect rotor-side signals which are required for
operating the drive system 100.

The mverter 15 1s designed to generate the actuation
signals for the rotor winding system 14 solely depending on
the signals detected on the rotor side by means of the signal
detection device 16.

There now follows as part of the present description a
chapter 5.3 which describes the detection of the rotor-side
signals 1n detail.

Chapter 5.3.1 describes how the phase current signals
detected on the rotor side are divided by calculation into first
components, which belong to the first rotor rotating field,
and 1nto second components, which belong to the second
rotor rotating field.

Chapter 5.3.2 describes how the phase current signals
which are associated with the first rotor rotating field and
with the second rotor rotating field by means of the division
by calculation are divided by calculation mto symmetrical
components with co-rotating and counter-rotating compo-
nents given an asymmetrical time profile of the three-phase
AC voltage gnd.

Chapter 5.3.5 describes how rotor voltages of the rotor
winding system are measured in a zero-current state of the
rotor winding system, wherein values of an instantaneous
orid voltage amplitude, and/or of an instantaneous grid
frequency, and/or of an instantaneous rotor rotation speed
and/or of an 1nstantaneous rotor position angle are ascer-
tained based on a time profile of the rotor voltages.

Chapter 5.3.6 describes how a first load angle, which
belongs to the first rotor rotating field, 1s calculated from the
divided phase current signals, a second load angle, which
belongs to the second rotor rotating field, 1s calculated from
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the divided phase current signals, and an actual grnid voltage
angle and/or an instantaneous rotor position is/are ascer-
tamned based on the first load angle and the second load
angle.

5.3 Ascertaining the Variables Required for Controlling the
System

5.3.1 Separating the Measured Rotor Currents into the
Components Associated with Partial Motors

In order to control the machine, the phase currents of all
s1X 1inverter phases can be provided as measurement signals.
Each phase current contains components ol both subsys-
tems, and for this reason it 1s necessary to separate the
measured variables into these components for further use in
the control arrangement.

FIG. 2 shows the counting directions of the variables used
below.

Analogously to breaking down asymmetrical three-phase
variables into their positive sequence, negative sequence and
zero sequence components [28], 1t 1s also possible 1 a
6-phase system with fields with an unequal number of pole
pairs moving toward one another to break these down nto
their individual components. For the system present here
where p,/p,=%, the positive sequence, negative sequence
and zero sequence components result therefrom separately
for each of the two fields, giving a total of six components.
The complex phase shifter

as 1s customary when determining symmetrical components,
1s used for this purpose.

In the si1x phase currents, the components of the p,- and
p-.-pole currents are superimposed both by their positive
sequence and negative sequence components. A 0 sequence
component 1s non-existent since this system does not contain
a neutral conductor which could lead to a current of this
kind. The following equation system describes the phase
currents:

Iy} (1 1 1 1 (5.32)

qu,z ﬂz a  —d _ﬂz ( I1.1::-141*}*1 )
I qu,g - a ﬂz iz a iplg
My ol 1 =1 =1 | I

Lg4 = p2m

2 2
Lys a a4 a a {1,
2 2

Adding and subtracting respectively opposite phases
gives the following:

(lyy+1y)y (1 1 0 0> (5.33)
Lyn + 146 a a 0 0 Lim
1.;;53 + 1.;;52 s a a* 0 0 iplg
I+l | 10 0 1 1| 1,,
Lo+ 1ge 000 a a | L,,,
k£¢3+1¢2j 00 a ﬂz,.:

The determining equations of the phase currents, ascer-
tained by calculation, of the two three-phase systems can be
extracted from the above:
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fiupl ) ’{1.;51 + i¢,4 ) (1 1) I H (3.34)
3 = plm
» I\ —prlg
A ) s+l ) \a o,
(Lop) (la*la) (1 13 (5.35)
2 " pom
2 i,ﬂg
Lz ) \pstlp ) a4,

It 1s clear from equation 5.34 and equation 5.35 that the
sum of the currents of opposite phases corresponds to the
current to be ascertained of a three-phase p,-pole system and
that the difference between the currents of opposite phases
corresponds to the current to be ascertained of a three-phase
p,-pole system. The respective positive sequence and nega-
tive sequence components are contained in the sums and
differences.

In the mverter phases, the instantaneous values of the
current can be measured as real parts of the components of
the vectors 1, and [ ,. This gives

(Re({upl) ) KRE(1¢1) + Re(qu) \ (3.36)
I, =| Relly ) | = [ Rell;z) +Re(l )
Relly,) ] | Relly;)+Relly,)
( Re(l,,) y ( Rell, )
= 2| Re(a’l,,,,) | +2| Relal,,)
\ Re(ﬂplm) / kRe(ﬂziplg);
and
(Re(l;,,)) (Relly)+Relly) (5.37)
1, =| Relly,) | =| Retlys) +Rellyg)
Relly,,) ) | Rellys)+Re(ly,)
[ Relly,) | [ Relly)
=2| Relal,,,) [+2| Re(a’],,,)
\ Re(ﬂzipﬁn) / \ Re(@’ng)

/

The phase currents ascertained from the measurable cur-
rents of the inverter and to be associated with the subsystems
then have the profile

(lup1(wnt, S1)) (3.38)

typl (WNT, S1)

ip1 (NI, §1) =

X prl(fUNIa S1) )
(igl (NI, S1) + igalni, 51)°

tg3 (NI, S1) + lge(wWnT, S1)

lgs (N, S1) + igp(wni, S1)

([ cos(wnT, ST+ Cpim) )

g
§ﬂ] ¥

5
37,

( cos(Wy (2 —51) + @p1g)

2
5]

-]
3",

— 9] | CGS({UNI, S1 + Cplm —
= Z2ip1m

CGS(&}NI, S1 +@plm T+
\

97 cms(mwr(2—51)+5¢9plg +

plg

ms(mNr(Z —S1)+ Qplg —
\
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-continued
and
(iyp2(wnT, $2))° (5.39)
iy, s2) =| ivp2(wnE, $2)) | =
Ciwpm (N T, $2)) )

f¢3 (wpnt, $2)) + fqﬁﬁ(fUNfa $2))

X igs (NI, $2)) + g2 (NI, S2)) /

([ cos(wnt, S2+ @pam) )

0
§H] +

5]
3"),

( cos( oy I(z —52) + 5‘9;?23) )

5
§.ﬂ'

-]
3]

It can also be seen here that, 1n a symmetrical three-phase
system, the positive sequence component of the currents to
be associated with the subsystems can be obtained directly
by adding and subtracting the opposite phase currents.

If a symmetrical system 1s not present, the positive
sequence and negative sequence components are imtended to
be ascertained separately. Methods for this are presented
below.

5.3.2 Symmetrical Components in the Case of Asymmetrical
Currents

It cannot generally be assumed that the grid voltage
connected to the motor 1s symmetrical. Experience has
shown that asymmetry of the grnid phase voltages also leads
to asymmetry of the variables which can be observed on the
rotor side, such as the currents for example. Methods in
respect of how the symmetrical components of the associ-
ated system can be ascertained from measurable instanta-
neous values of a variable are presented in [14, 15, 16, 9].
Algorithms for filtering harmonics from the measurement
variables are also mentioned there. However, these algo-
rithms require a high level of expenditure on computational
power, 1n particular, if actual values are intended to be
generated 1n the time 1interval which corresponds to the cycle
time of a targeted motor control operation.

The way 1n which the respective symmetrical components

can be ascertained from currents associated with the p, and
p,-pole fields, as shown in subsection 35.3.1, 1s described
below. The objective of the method presented here 1s to
ensure detection of said components as quickly as possible
in order to provide variables with a high level of dynamics
for controlling the system. The embodiments are intended to
be used both tfor the p,-pole variables and for the p,-pole
variables. Indexing of the numbers of pole pairs has been
dispensed with 1n the equations below.

In a three-phase system of any desired asymmetry, the
phase currents are made up of the positive sequence and
negative sequence components and also the zero sequence
component. In the text which follows, 1t 1s assumed that the
Zero sequence component 1s not present on account of the
lack of a neutral conductor.

The co- and counter-rotating currents of the system rotat-
ing at w,{1-s) which are established on the rotor can then
be written as

— 9] , CDS({UNI, Sa + Pp2m —
= Zipm

CDS({UNI, 52 + @p2m T+
\

5 CGS({UN 12 —82) + @pog +

pg

CGS({UN (2 —52) + @prg —
X

i, (0pt,$)=1, - (N s+em) (5.40)

i (nt,5)=] e’ (ONIe—s ) (5.41)
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The asymmetrical 3-phase current system 1s described by

i‘;ﬁ(wwf, S) —

=1, (N, s)

+i (WL, )

(5.42)
a 5

8

FIG. § shows the basic position of the current components
in relation to the reference system. If the o, p components
of the transformed phase currents are detected at two dii-
ferent time points or angles, the following equations can be
derived for the a components:

L0 I (CONT) (3.46)
The real parts of the phase currents can be detected by ( ]: ( ]:
i1 o (T + AwpyT)
measurement 10
(Re(iy(wyt, $))° (5.43)
g I, +1
p (N, §) = Re(iy, (wnt, $)) ( cos(wy) ' st ) ][ dm ¥ dq]
| Reiy (wnt, 5)) 15 cos{wnl + Awnt —sin(wyt + Awpi) Iom + Igg
By way of example, FIG. 3 shows the time profile of an This gives
assumed asymmetrical current system
20
(E!d (5.47)
A A -3 21 ] B
zmzl,zg:D.ZS,gam:D,gag:W q
Lam + 14g 1 ( sin(fwyt + Awyt)  —sin(wy i) ] (E{Ig]
and s=0.5 are selected. 2> Im + Lg | sin(Awn\ cos(wyt +Awyt) —cos(wyt) ) \iar
If 14 1s transformed by the electrical angle of the system
m_t (s), the grid-frequency ¢, p components:
. o (NI, ) (5.44)
( 2m 2y
i ) COS(—(0,,1) cms(—mmr— ?] cms(—mmr+ ?) |
— § - | | 5 | 9 . I¢(MNI, S)
\ S1N{— toy, 1) sm(—mmr— ?] Sln(—tr_}m I+ £ ,,
are obtained. Analogously, the equations of the p components give
The three-phase system shown 1n FIG. 3 1s represented in 4
., 3 components as shown in FIG. 4:
The 1individual positive sequence and negative sequence 0 RONS (5.48)
components can be ascertained from the measured and «, il PRV b
B-transformed currents. To this end, it is possible to orient Al AN N
the components of the positive sequence system such that 1t .
: . . 45 sin{wnt) cos(wp ) lam — lag
can be directly used for controlling the system. Since the ( | ]
orientation of the rotor voltage U, can be assumed to s(wy? +Awyt) cosloyt+ Aoyl ) lgn = lag
already be determined, this should represent the reference
system. The component of the positive sequence system which, after conversion, in turn gives
which 1s 1n phase with 1t then corresponds to the torque-
. . . 50 &Id Idm _ Idg (549)
forming current I ; and the component which 1s oflset thereto (M ] — [ o ] —
by m/2 corresponds to the flux-forming current component 7 an - ag
I,. Since the: components of the positive sequence system | —cos(wni + Awnt)  cos(wnt) \ { ig0
have to be differentiated from the components of the nega- SinAon r)( sin(wn + Awyr)  —sin(wy) ] »
tive sequence system below, these variables are indexed as s
I, andI__.The current component of the negative sequence . .
dne S D - S 1 From the above, the following can be derived for the
system which 1s in phase with I, 1s accordingly I, and the . frvidual
component offset thereto by /2 1s I_,. Theretore, the vari- individual components
ables 1, and 1, are formed as follows:
60 >, + Al (5.50)
lam = 7
_ I cos{wnl) J’ cos{twnl) (5.45)
.Iarﬁ(iuwi!‘) = ldm ( sin(en?) ]+ dg ( _sin(wn) ] + . 31, — Al (5.51)
dg — Y
I (—sin(mwr)] I ( —s1n{w 1) ]
gm cos() tigg - —cos(wni) 65 L nl, + Al (5.52)

N gl
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-continued
(53.53)

These vanables are available to the control arrangement
directly as actual variables of a system and replace the
previous transformation equations of the phase currents in d,
g components. These determiming equations can be used
both for the p,-pole and for the p,-pole subsystem.

5.3.3 Ascertaining the Rotor, Shaft and Grid Power

The current

L imi1= ¢1D¢1 (5.54)

flows 1 an upper branch of the WR phase ¢, as the
arithmetic mean of the current in one pulse period, where I,
1s the nstantaneous phase current of the phase ¢, and D,
1s a modulation level of said phase that 1s intended to be
determined 1n a pulse period to be considered.

Analogously to the above, the current in the opposite
branch 1s determined by

{7 inpea=LpaDys (5.55)

The phase currents and the modulation levels of the phases

are made up of the mdividual components of the two
three-phase systems mvolved.

lo1 = lo1p1 + lo1p2

1
D1 = =

5 + Da1p1 + Doip2

loa = lp1p1 — o1 2

|
Dag = 5 + Da1p1 — Doip2

This gives the following for the sum of the currents of two
opposite WR branches

Iy nir Hpirea =g 1 Dy 1H gD ga=2" L1 ,1 Dy 151+

241 1 oDy 1o+, (5.56)

1p1

In the symmetrical three-phase system, the sum of the
phase currents I, ,, where ¢=U, V, W will be 0. Therefore,
the entire mtermediate circuit current can be written as

(Tt \T / Dyjp1 e \’T'{DUpz \ (3.57)
7 = fZKpl + IZKpZ =2 IVpl DVpl +2 IVpZ DVpE
wpl kDWP{; ‘:IWPZ,J kDWP_%,J

“———

17Kpl 17Kp2

Therefore, the components of the intermediate circuit
current of the subsystems can be derived directly from the
current components associated with individual systems and
from the modulation functions of the individual systems.

Consequently, the rotor powers of the individual systems
are

Pmﬂ:UZKIZKpl (5.58)
L= Uzrd 7500 (3.59)
the shaft powers are
| 5.60
Prnech1 = UZKfofpl(g — 1]
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-continued
1 5.61
Prnecnz = Uzk fzxpz(— — 1]
52
and the grid powers are
1 (5.62)
Py = Ugzxlzkp —
S1
1 (5.63)

Py = Ugzglzgm —
52

It 1s clear from these derivations that conclusions can be
drawn about the 1nstantaneous active power ratios from the
instantaneous values of the measured phase currents of the
rotor-side 1mverter and knowledge of the modulation.

When calculating both the shaft and also the grid powers,
s,, s, are divided by 0 when the respective synchronous
rotation speed 1s reached, this meaning that the system could
be comparatively diflicult to observe here as 1s the case in
stator side-operated converters 1n an asynchronous machine
at a rotation speed of 0. However, the rotation speed 0
provides robust values here.

5.3.4 Ascertaining the Rotor-Side Reactive Power

In subsection 5.3.3, the active powers were ascertained
from the phase currents and the knowledge of the modula-
tion. Similarly, 1t 1s possible to draw conclusions about the
reactive powers generated by the inverter 1n the motor from
said variables. To this end, the modulations are to be rotated
through m/2. This rotation can also be achueved by subtract-
ing the modulation function of the respectively two other
phases. Then

(1u,; Y [ Dwpt = Dyp1 (5.64)
lop) = % Iypr | | Pupt — Dwpl

Cdwpr )\ Dyvpr = Dupr
and

Ty Y Dwpa — Dypa (5.63)
lops = % yp2 | | Dupz — Dwp2

Awpz |\ Dyvp2 = Dyp2

This gives, as analogous variables to the active powers 1n the
rotor, the reactive powers of the rotor of

1= Uzd o1 (5.66)
and
QpEZUZKIQPE (5.67)

The currents I,,, and I, , are calculated variables which
cannot be directly measured 1n the intermediate circuit.
5.3.5 Method for Determining the Initial Grid and Motor
Frequency

Before starting the inverter modulation, both the gnd
frequency and also the motor rotation speed are itially to
be determined for correctly initiating the control operation.
The determination operation has to be performed without a
sensor system, which accesses stator-side variables, in order
to avoid transmission of the signals to the rotor.

Provided that the inverter valves are not actuated, a
picture of the grid voltage can be observed on the rotor side.
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The components of the two opposite voltage systems can be
ascertained by means of measuring the phase voltages
Urire-

The calculations which were used to ascertain the phase
currents can likewise be applied to the phase voltages. The
tollowing holds true for the components of the two voltage

systems:
(Uypl ) TR (5.68)
1
Hypl | = 5 iy3 + Uye
Ul \Ups Uy
( HUPZ ) 4 i1 — U4 A (569)
1
Uyp2 | = 5 Ups — Uye
Hwp2 | U5 —Uy2

In general, the amplitudes and the phase angles at the time
of the measurement at t,=0 can be determined from the
measurement of two voltages which run sinusoidally 1n a
manner oflset at a fixed angle in relation to one another. For
a phase oflset of 2m/3:

) = usin(y) (5.70)
. 2 . 2 ) (5.71)

Un = u:sm(ga + —.ﬂ'] = u(sm(rp)ms(—ﬂ] + c:c:s(r,a)sm(—fr]]

3 3 3
This gives, using

. 2 (2 (5.72)

s1n(go)cms(§fr] + cms(ga)s1n(§fr] 5 5

a = S(9) = ccrs(g:fr] + cmt(ga)sin(gﬂ]

(3.73)

) w
Slﬂ(gﬂ']

o5
o COS 3:e'r j

¢ = arctan

tor the angle @ of the voltage at the time of the measurement

For the voltages u, and u,, u,=u;,,, and u,=u,,, from
equation 5.68 can be used to ascertain ¢,,,, and u,=u,,, and
u,=u,,, from equation 5.69 can be used for ascertamning ¢ ,.
In relation to both subsystems of the machine, the angle ¢
progresses depending on the present grid frequency and the
rotation speed of the motor (the rotation speed of the motor
generally cannot be assumed to be O when the inverter 1s not
modulated):

(ppl (rx):(mn_p 1 mm)rx-l-(ppl (I'D) (5 74)

(pPE(II):(mn+p2mm)rx+(pp2 (rﬂ) (575)

where w, 1s the angular frequency of the grid voltage and o,
1s the angular frequency of the motor rotation speed.

It

A, =9, (L), (L) (5.76)
and
AW >=,o(1,)— 9,1 (7o) (5.77)
and
At=t_—t, (5.78)
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are set, equation 5.74 and equation 5.75 give, for the grid
frequency and motor frequency, the expressions

Ap, 1 P2 + A, p1 (5.79)
(g, =
Ai(py + p2)
Ap, +A¢, (5.80)
(thyy, =
Ai(p) + p2)

It should be noted here that At<T /4 (T =likely period

duration of the grid frequency) 1s selected on account of the
arctan function 1n equation 5.73.

Accordingly, the motor rotation speed and the grid fre-
quency and also the phase position of the voltages of the
subsystems can be determined unambiguously from the
measurement of four rotor-side voltages against the star
point of the winding (without ongoing modulation of the
inverter) at two time points. If the star point of the winding
1s available as a reference point for the measurements, the
relationships derived above can be used directly for deter-
mining the initial values for rotation speed and grid fre-
quency.

In general, the star point of the windings 1s not available
as a reference point for the measurements. However, the
voltage measurements ol the rotor voltages can be carried
out against any desired reference point. To this end, a fifth
rotor voltage 1s to be added for measurement purposes.

The motor voltage system 1s shifted by

(upip + up3p + trsy) (5.81)

in relation to the reference point for the measurement. The
measured voltages are to be reduced by this voltage 1n order
to obtain the rotor phase voltages.

The rotor-side voltage system 1s described by the rela-
tionships

fupy (11 000 0 1y [%upt’ (5.82)
Uiop O 0 0 0 1 -1 Uyp?2
Ui3p O 0 1 1 0 0O Uypl
uap =11 -1 0 0 0 0O x|ty
Ui sh O 0 0 01 1 iyt
0 O 1 010 1 0O iy
. 0 ) A1) 0 1 01 0 0 Cu

The mdex b denotes that the indicated voltage variable
relates to the reference potential. The individual components
of the voltage are calculated from this 1n turn by
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( Urlp + Uiap \ (3.83)
2 — Umb
, \ Urlp — Urap
Uipl 3
Uijp2 Uplp + Uip + Urap + Uisp
— 5 -+ QHmb
Hypl
Ufrp —Ufsp + Uiap T Uish
Hypz — 5
Uipl Uisp + Uidp
2 — Umb
Uip2
Ursp — Urap
\ Umb 2
Urip + Uisp + Uish
\ 3 y

FIG. 6 shows a voltage system at the rotor.

The star point of the rotor windings can also be spread
over two independent star points. The phases L, L5, L< and
L,, L,, L, are respectively guided to their own star point
here. As a result, the voltages of the two subsystems are
described 1n accordance with FIG. 7.

The equation system of the rotor-side voltages 1s formu-
lated as

‘wmy (11 0 0 0 0 1 0y (%up® (5.84)

Uiop O 0 0 0 1 -1 0 1 Uyp?

U13b 00 1 1 0 0 10 Uyl

Uyap 1 -1 0 0 0 0 01 Uty

LSk 1o oo o011 10l il

U6h 0 0 1 -1 0 0 01 I

) 1 0 1 O 1 0O 0 0 "“

A \ Umbb
Where

(tp1p + Up3p + Upsp) (5.85)
Umab —
3
and
(ttpop + Upap + Urep) (5.86)

Umbh = 3

the equation system of the rotor voltages 1s reduced to

Cupp —tmap) (1 1 0 0 0 0y (%ol (5.87)
Urob — Umbb O 0 0 0 1 -1 Uip2
Ui3p — Umab 0 0 1 1 0 0 Uypl
Urap — Umbb B 1 -1 0O 0 0 0 § Uy
Uy sp — Umab 0o 0 0 0 1 1 1
\Urep —Umpp ) \O 0O 1 -1 0 0, U
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From this, the following 1s determined

(Uupt ((Up1p + Upap) — (Umap + Umpp) (5-33)
Uip2 (Urib — Upap) — (Umab — Umpp)
Uvpl | 1| (ursp + trep) = (Umap + Umbb)
Uyp2 2| (urap — trep) — (tmab — Umbp)
U w1 (Ursp + Upop) — (Umap + Umpp)
L | N esh = Uion) = (Uimap = Ui

In the case of two separate star points, all six phase
voltages are accordingly to be measured against any desired
reference point i order to ascertain therefrom the picture of
the stator voltages for the operating state with dormant
modulation of the rotor inverter.

In a practical implementation, it 1s possible to carry out a
Clarke transformation with the measured phase voltages.
Furthermore, the calculated components of the reference
voltages u__, and u_,, are dispensed with. The transforma-
tion equations are given as

/ 1 1 5.89
| 1 - 5 3 ((Upip — Urap) ) (5-89)
Uplap = 3 Vi V3 (tp3p + Urep)
u 0 - 5 )\ (trsp + trop)
and
/ 1 1 5.90
1 —= == | (upp —tgap) (5-20)
| 2 2 : )
Up2a,p = & Urzp — Uresh
3] 3 V3
0 — ——— |\ (ursp —ti2p)
\ 2 PR

Equation 5.72, with a phase oflset of the ¢, p-transformed

voltages of m/2, gives for the angle ¢ according to equation
5.73

(5.91)

Upxa
Ppxa.p = Arctan
Upxp

The 1mitial value for starting the modulation of the inverter
can be denived directly from u,,, ¢ and u_,., ¢ The start
values for calculating the grid frequency and rotor frequency
are formed using equation 5.79 and equation 5.80. Knowl-
edge of the absolute start angle of the grid voltage or the
rotor position 1s not explicitly required since the influence
thereof 1s already included in the calculation of the initial
value of the voltage modulation. The start angles of the grid
voltage or the rotor position are therefore to be set to 0 for
time point t,.

5.3.6 Position and Rotation Speed Detection

In order to approximately determine the rotation speed
from the variables which can be observed on the rotor, the
behavior of the angular relationships between the rotor
voltage and the grid voltage 1s mmitially determined. The
voltage U, which can be observed in the stationary state as
the reference variable 1s used as the rotor voltage. The
voltage U', 1s made up of the mverter voltage to be generated
and the voltage component (1-s)*U,, which 1s dependent on
the rotational speed.
5.3.6.1 Determining the Load Angle without Taking into
Account Rs And R'r

The equivalent circuit diagram of the double-fed iduc-
tion machine without taking into account the copper and 1ron
losses and without saturation phenomena i1s adopted for a

subsystem.
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FIG. 8 shows an equivalent circuit diagram for determin-
ing the load angle (without taking into account resistive

losses).
Currents and voltages are to be interpreted 1n the following
paragraphs as complex variables, without this being taken
into account 1n the notation.
Here, U', 1s defined as the reference variable. It should hold
true that
U',=Re(U',) and consequently Im(U',)=0.

The voltage across the main inductance L, 1s

U, =U"~joL’ I, (5.92)
and the grid voltage U,; 1s
Us=U,+ioL_ I, (5.93)
from which
L 5.94
Uy = Ug(l ¥ "”]— ij;erz(l s L‘ﬂ) =)
Ly, Ly o2
can be developed.
The load angle 0, __ . between U,;, and U', 1s then
(5.95)

With the given grid voltage U, 1t 1s expedient to rearrange
the abovementioned equations in accordance with U',, this
gving

, Ly ., . Loils (3.96)
V2 = UN(L,& + Loy ) i jm;Z[LUZ i Lo+, ]
For Im(U',)=0, 1t then holds true that
Ly , . Loty (3.97)
Im(Up) " = Re()o(L + L |
The load angle 0, ., can now be written as
_ o w ., Ly+ L, | (5.98)
Cload = HSlH(RE(fz)m(LzJ " L l +L0'l)
If the 1dling magnetization current I, ,, where
|Un| (5.99)
Ino =
w#(Ly + Loy )
1s 1ntroduced, the notation
9 . (RE(fi)(LErz . Lot ]] (5.100)
ad = asin
oo Ino \ Ly Lp+Ls

1s obtained.
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Since 1t can be assumed that L,>>L_, and L_,=L'_,, this
relationship can be simplified 1n good approximation to

_J{Re(fﬁ) Qaclm] (5.101)
Fioqd = asl

{ho Ly,

As an estimate, L_,/L,;=0.05 can be set 1n machines with
a power ol approximately 1 kW,

Given a load angle of 0, _~=m/4, this means that the active
component of the load current can already reach 10 times the
value of the magnetization current. Therefore, technically
usable load angles are to be assumed to be below /4.

The following 1mage shows a result, originating from a
simulation, of the profile of the load torques of the two
systems and the resulting load angles 0,,,;, ,. Said image
shows the acceleration from rotation speed O to rated rota-
tion speed with a constant load torque of 5 Nm.

FIG. 9 shows the load angle Uy, , (scaled in °) with
respect to t during acceleration under constant load.

5.3.6.2 Determining the Grid and Rotor Voltages Taking into
Account Rs and R'r

The following equations can be ascertained from the
equivalent circuit diagram of a partial motor according to
drawing 5.1.1 and can be mnserted one into another:

Uy, = U — (R, + jwl) (5.102)
1 U, U} ; R+ joL. (5.103)
" ol,  jol, % jwl,
[/ R+ jwl 5.104
Jwly, Jwly,
U, = Uy, + I (R, + jwL,) (5.105)
U = (5.106)
UL — LR+ § L")+( 2 1’(1+ R:’HML:’D(R + jwL)
- (o) - 5 (g
2 — DR, T (Wi, ik, 2 i, J
i Rs+ jwls (5.107)
UH:U2(1+ _ )—
Jowly
+ + R, + + — s+ s
3[R, + joL, ol + —=— (R + juL)
Uy = U3[1 + Ls . K | (5.108)
e P

! ! . ! L:- ’ Lj . R;.RS ML;.LG
12 R5+Rr+fm(Ls+Lr)+Rs_+R__ — 7
1

Lh ’ Lh fULh

The amplitude of the grid voltage U, 1s assumed to be
known. The current I, 1s impressed.
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Therelfore, the equation can be rearranged to

( R+ R .+ jowlly + L)+ ) (5.109)
Uy, +L| L L, ( R'R, {uL:,LS]
R~ +R.= — j -
[ = . Ly Ly wly, Ly /)
2T (l + L K )
L, oL
10
which, after separation into components which are depen- can be dertved. Re(U* ) then has to be:
dent on U_and I',, gives
[ R+R+jolli+Lp+ ) (5.110) S PR o
Bl L, (RR, wllL, UL e
R = + R.= — j( - ]
, Uy . Ly Ly, wily Ly })
E— R I, R
1+ = — j— l+ = —j— The grid voltage U*  obtained 1s now
Lh {UL;I Lh {UL;I 20 &
U* =Re(U* )+ilm(U*) (5.115)
' ' and the back-transtormed grid voltage U 1s
Since the rotor current I', 1s based on the rotor voltage U',,
the rotor voltage U', 1s advantageously set as the reference
(5.116)

variable such that U',=Re(U';) or Im(U',)=0 results. It »4 0oy L R
follows from this that n T ”( 1L {uLh)

5.3.6.3 Determiming the Load Angle Between the Gnd

Tom LU” - H 1D 10 Voltage and the Rotor Voltage
- - If the auxiliary vanables

(o Ry + R+ jw(Ls + L)) + 1) L Ry

, f f f xy=1+—,x, = — and
I L, L R.R, wlL,L Ly wly,
Ri— + K, — - - 35
[ Ly Ly, wly, Ly ), L
R, X3 = 1 + —
1 + E —Jf Lh
\ Lh {UL;I /

are mtroduced into equation 5.110,

If 1.=I', .+, .. is introduced for the current 40 the notation for U', 1s reduced to

which 1s based on U',, the current which 1s rotated and

extended by
o Un B ket R ol 4 ok — iRy 1D
— 4 4 5 4 : + . —
27 X = i, X1 — jx, r¥1 A3 T Jli, X + j JIA2
45
( LS RS ) | (5.112)
TR PN T R L
Lh "~ wLh this giving
o Ub= (5.118)
=K : Xy + jX2 X+ x| ., . o
L. R, U, —— + {5 > (R.x1 + Rexs + jwLix + jwLg — jK X3)
1+ — — X7 + x5 X7 + x5
Lh {UL;I

55 after conversion to a real denominator. Since Im(U',)=0 can

with I*, ;. .=Re(I*,) and I*,,_,, . ~Im(I*,). be defined by orientation of the rotor voltage to the real axis,

The real part of the likewise extended and rotated grid it follows that

}I{ 1 ' r ' r ' !
voltage U*  1s now to be set to 0, from where Im(U (% 4755 ) =—Im(I (% 1475 ) (R % +R. X440 L’ X, +

JOLy—jR%5)) (5.119)
60 This gives
) )  wLlL, RR, (5.113)
Im(Un) — _IZGE:TI.FE(M(L'S + Lr) + Lh _ {UL;I ] _
L. L, Re(U,)xy + Im(U,)x; = (=Re(I5)x, — Im(Z5)x) M(R.x; + Rexp) — (5.120)
I;rfaﬂrivf L + L:' + RSE + R:’L_
" (Re(15)x; — Im(15)xp M ew(Lx; + L) — Rjx)

65
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The relationship

RE(UH)Z\/IUHIE—Im(UH)E (5.121)

holds true for the grid voltage.
Furthermore, the grid-side idling magnetization current

I, , where

| Ul

o B U]
TR + joLg + L)

‘mLh\[(x% + x3) ‘

(5.122)

can be introduced as the reference variable of the current,
and

(5.123)

(—Re()x; — Im(px)(Rx; + Rxz)
IowlLy (4 +x3)
(Re(I4)x; — Im(B) @ (Lx, + Ly) = Ryx)
IowLn (3 +x3)

can be developed from this. Using known addition theorems

xl Siﬂ(ﬂfmd)+.7'.:2 ].—Siﬂz (ﬂfﬂad'):
\/(x Hx,2)cos(Dy, tatanx/x5)

(5.124)

can be set for the left-hand side, this leading to an exclusive
formulation of the load angle U, , as U, ~t(Re(I,),

Im(T',)):

i

[ (—Re(B)xy —Im(5)x )(R.x) + Ryx3) —
(Re(13)x1 = Im(75)x2 M(w(Lix) + Lg) — Ryx2)

\ InowLy (X7 + x3) y

(5.125)

Floado = ACOS

Without a rotor-side active current Re(I',)=0, the load
angle efﬂadﬂzefaad (Re(ITE)ZO) iS

[ —Im(B)x(R.x; + Rxz) + ) (5.126)

Im(75)x2 (w(L.x) + L) — Ry x7)

Floado = €COS

\ InowLy (X} + x3) )

Exemplary Profile of the L.oad Angle U,__ .

If the parameters used in equation 5.125 are based on an
exemplary use of a 750 Watt motor with the values

L=21.96 mH, L'=22.27 mH, 1,=454.3 mH, R=7
Q R =7Q,

U, =230 V and £,=50 Hz,

curve profiles as illustrated in FIG. 10 are obtained. In this
illustration, the active current 1s based on the 1dling current
I,,. The profile shows that the load angle changes linearly
with the active current of the machine in wide ranges and in
the process has an oflset which 1s described by equation
5.126.
5.3.6.4 Determining the Frequency Deviation of the Gnid
from the Position Angles of the Rotor Voltages

The objective 1s to ascertain the rotation speed of the
motor without a sensor system for feeding back the rotor
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position or rotor rotation speed. The currents of the inverter
phases, which currents are measured on the rotor side, are
available. As was shown 1n subsection 5.3.5, the grid volt-
age, the grid frequency and also the actual rotation speed and
rotation direction of the motor can be determined from an
initial measurement of the rotor voltages before modulation
of the mverter begins.

During operation of the rotor-side inverter, the rotation
angles of the rotor voltages of the two rotating fields 1n
relation to the phase angle of the grid as a reference variable
in the steady state are

P =0 ={Wrnp=P 1 0,,) i+ 1, a(M 1 (51))+P o (5.127)

Po=01= (W +P2 0, ) I+ D5 1, (M5 (55) )40 (5.128)

where

m, ,2=output frequencies of the inverter

mp=assumed grid frequency

m_ =assumed rotor rotation speed

0, »s00s10ad-dependent angular detlection of the rotor volt-
ages 1n relation to the grid voltage

§10.20—angular detlection ot the rotor voltage in the torque-
free state
Since, 1 general, 1t cannot be assumed that the gnd

frequency and the rotor rotation speed exactly follow these

determining equations, possible deviations are to be taken

into account.

(0 +A® | )= (0 po+rAON—D 1 (0, +A®,, )40 10 P10 (5.129)

(05 A W)= p o+ AOND (0, +A®,, ) ) I4+05 1 P20 (5.130)

Since

(DI’QZU}NDﬂi?LEUJm (5131)

it 1s sullicient to limit the further process to the angular
deviations and the load-dependent terms. The following is
then given for the resulting angular errors

AQ =A@ —p | A, +0 1.+ 10 (5.132)
AQ=AQp DAY, +05, Ao (5.133)

from which
(5.134)

Apy = ) (P1A@, + prAg) —

pP1+p

1
P1+ P2

(P10260ad + P2P1icad + P1$20 + P2¢10)

can be dertved for an angular error which 1s caused by a shait
in grid frequency and

(5.135)

1

A
v P1+ P2

i

(216008 — Pload + ©20 — ©10)

(Ap, — Ay, ) -
v2 ¥l P1+ P2

can be derived for an angular error which 1s caused by a
rotation speed deviation.

In the corrected state of the machine, the angular error
according to equation 5.135 which 1s caused by a rotation
speed deviation becomes Ag, =0. As a result, the load angles
0,,,.,and 0,, . according to equation 5.125 can be deter-
mined from the angles A, and A, which are formed by
means ol the measured rotor currents. It holds true that:
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V) toad AP1—P10 (5.136)

000 AP~ P20 (5.137)

It 1s further assumed that the load angles 0, ,, ., behave
linearly with the torque which 1s generated by the respective 5
subsystem. In this case, 0, 1s the load angle which would be
established i the 1st subsystem when the instantaneous
shaft torque M, 1s generated. Analogously to this, 0,, . 1s
the angle 1n the 2nd subsystem which would be produced in

this system when the torque M, 1s generated. Given a 10
constant load torque, the load angles therefore develop
against the slip by means of
_ Mmfﬂhl . P2 (5138) 15
Plivad(51) = Yo Mo (90(1 T 51)
M ech2 P2 (5 1 39)
P2106d (51) = P2oado = Ko (5‘0( s 1)
0 P1+ P2
where
20
P240ad0 (5.140)
ks =
¢o
In this way, 55
9 Patoad (51) = Olioad(S1)  (By —A@)) — (@20 —10)  (5.141)
ON = P2S] - P51
(1 + ky) -1 (1 +£&s) —1
P1L+ P2 P1+p2 30

1s obtained.

The additional indexing of 6, as 0,,, indicates that 0,; 1s
independent of a shift in the gnd frequency.

There 1s no pole point of this equation 1n the range of 35
—4<kg<-0.5 and 0<s,<3 which 1s of technical interest, and
therefore 0,,, can be used below for tracking the grid
frequency using said equation.

For the expression p,0,,, 40,0, ., 1t 1s now given that

40
kspi — p2 (5.142)
Prioad + P2 Hioad = ¢ (1+( D
P1U2oad T P2V1lload = VON P2 51 5L+ pa
: . : 45
For the special case, 1t 1s assumed that k,=-1 (the negative
mathematical sign 1s accounted for by the direction of action
of the second subsystem 1n relation to the first). In this case,
the relationships stated above can be simplified to
50
—CoN = P2toad — Plivad (5.143)
and
it
P1%2wad + P20110ad = don P2l —s51) = doy p2— (>-144)
o 55

The angle 0, used 1n equation 5.142 1s based on equation
5.141. Said angle 1s formed by means of the difference

_ Pl (A, —20) + p2(A¢; —@10) B

22

between the load angles of the individual systems and 1n this
way 1s independent of an angular shift which 1s formed by
a frequency dewviation in the grid frequency. This indepen-
dence 1s given by

dAp, dAp,
dApy  JAgy

. (5.145)

Inversely, an independence from an angular shiit which 1s
produced by a frequency deviation 1n the rotor frequency 1s
grven for the expressionp,0,, . +p-,0,; ., This 1s shown by
means of

dAyp,
Pla&@m

g (5.146)

dAg,

+ P2

When this relationship 1s used, the expression

_ P19%ad(S1) + p20iioad (51) (5.147)

. (1 Pz—k&ﬁ'ls ]
2|1 - 1
P2+ D1

Om

(P1A@, + p2Ag|) — (p1¢20 + P2¢10)

p2 —kgp
p2| 1 - S

1s obtained for O, .
The pole points of this expression are determined as

P2+ Pl
p2 —kspi

(5.148)

S1pote = f (kg) =

There 1s always a pole point of the equation 5.147 1n the
range of —4<k,<-0.5 and 0<s,<3 of technical interest, and
therefore 0, cannot be directly formed for calculating the
rotor rotation speed using said equation.
5.3.6.5 Determining the Transformation Angle of the d-q
Transformation

The transformation angles of the d-q transformation and,
respectively, the back-transformation thereof are described,
in principle, by equation 5.129 and equation 5.130. Equation
5.131 holds true for the transformation angles which are
independent of the load angles and angular errors. Angles
which are determined, from the equations ascertained 1n the
above section, as

&(pnﬂansl:&(phr_p lﬂtpm_l-ﬂ‘lfmd(‘gl)_l_(plﬂ (5 149)
and, respectively,
AQ s APNHD AP, 405 100 (51 )P0 (5.150)

or 1n written-out form as

(5.151)

Sor (1 e (kﬁpl —Pz]]
ON P2 i
P1L+ p2

&@rransl -

“— — — -

PiL+p2 P12

—

ﬂ{uN IZ&QE‘N
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-continued
P251
Sor (1+k —1)
Pl(ﬁﬁﬂz_@m—ﬁﬁl — ©10) B omP1{( ﬂ)Pl + po N
PLT P2 _ P1L+ P2
Pl Awmt=p 1Ay,
p2si
Jom|1 - |+
’ __PLt P w10
Yoad
10
and, respectively,
KepL — P2
9 (1 bs ( ]]
Ag _ P1{Agy —20) + p2(Ag; —10) WP U pi+
trans2 pL+p Dl +__E2
ﬂ{UNIZ&@N
P251
Do (1+k —1)
p2(A@, — @20 —A@; +¢10) B om P2 L?)Pl + P2 N
PLT P2 ~ P1+ P2
P2 A I=pa Ay,
Ko Oom P21 o
20
PL+ P2
Dioad
are to be added to said transformation angles. Algebraic
summary gives the simple relationships
&(pn“ansl:&(pl (5153) 30
A(pnﬂans_Q:&(pE (5 . 154)

The angles A¢p, and A¢, can be determined 1n the rela-
tionships shown here in the ranges of —-/2=Aqg, ,=m/2 using
equation 5.125. Therefore, angular components which are
integrated with respect to time can be separated out and
separately corrected by grid or rotor rotation speed devia-
tions.

In a system with feedback, the angular deviation caused
by a rotor rotation speed deviation 1s set to A, =0.

The grid angular error component A, of the transforma-
tion 1s then to be corrected to

PL{&g, —@20) + p2(Ag) —@i0)  donp2 (1 e (kﬁi‘Pl - P2 D (5.155)
PL+ P2 P1+ P2 l P1L+ P2
The expressions
P251 (5.156)
A = don|1 —
Y transadd DN( Pl + pa ) + @10
P51 (5157)
A = kg0 +
Ptransadd? Y ON P+ pa 20

remain for the angles A_,,.,,,. 041, » Which are additionally to
be provided.

In systems without feedback, the terms occurring in
equation 5.151 and equation 5.132 which are dependent on
0, can be combined. This leads to

P25 53.158
Gompa((1+Ks) - 1] 2:15%)
PL+ D2 + 04 (1 _ P2s ):
P1+ P2 " P1+ P2
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(5.152)

-continued
Pl(ﬁﬁﬂz — ©20) + PZ(&‘Pl — ©10)
PL+ P2

and, respectively,

~Oompal (1 +kg)——
PL+ 2

prL+p2

(5.159)

_ 1)
K3Pom P251
_I_
P+ p2

P1(Ap, —@20) + p2(Ag; —¢10)
P+ P2

These expressions are—as shown in equation 5.146—
independent of a rotation speed-dependent angular shiit.

What 1s claimed 1s:

1. A method for operating a drive system, wherein the
drive system has:

a three-phase motor, having:

a shaft,

a first three-phase stator winding which 1s to be con-
nected to a three-phase AC voltage gnd,

a second three-phase stator winding which 1s to be
connected to the three-phase AC voltage grid i such
a way that a second stator rotating field rotating 1n
opposition results with respect to a first stator rotat-
ing field which 1s generated by the first stator wind-
ing, and

a rotor winding system which 1s mechanically coupled
in a rotationally fixed manner to the shaft, and

at least one inverter which 1s mechanically coupled 1n a

rotationally fixed manner to the shaft and which 1s

clectrically coupled to the rotor winding system,

wherein the at least one inverter 1s configured to

generate actuation signals for the rotor winding system,

the method comprising the steps of:

generating the actuating signals such that a first rotor
rotating field and a second rotor rotating field rotat-
ing in opposition to the first rotor rotating field are
generated, wherein
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the generating of the actuation signals for the rotor
winding system solely depend on signals detected on
the rotor side, wherein

the signals detected on the rotor side comprise phase
current signals of the rotor winding system,

the phase current signals detected on the rotor side are
divided by calculation into first components, which
belong to the first rotor rotating field, and 1nto second
components, which belong to the second rotor rotat-
ing field, and

the phase current signals which are associated with the
first rotor rotating field and with the second rotor
rotating field by means of the division by calculation
are divided by calculation mto symmetrical compo-
nents with co-rotating and counter-rotating compo-
nents given an asymmetrical time profile of the
three-phase AC voltage grid.

2. The method as claimed in claim 1, wherein

a first load angle, which belongs to the first rotor rotating
field, 1s calculated from the divided phase current
signals,

a second load angle, which belongs to the second rotor
rotating field, 1s calculated from the divided phase
current signals, and

an actual grid voltage angle and/or an 1nstantaneous rotor
position 1s/are ascertained based on the first load angle
and the second load angle.

3. A method for operating a drive system, wherein the

drive system has:

a three-phase motor, having:

a shaft,

a lirst three-phase stator winding which 1s to be con-
nected to a three-phase AC voltage grid,

a second three-phase stator winding which 1s to be
connected to the three-phase AC voltage grid 1n such
a way that a second stator rotating field rotating 1n
opposition results with respect to a first stator rotat-
ing field which 1s generated by the first stator wind-
ing, and

a rotor winding system which 1s mechanically coupled
in a rotationally fixed manner to the shaft, and

at least one mverter which 1s mechanically coupled 1n a

rotationally fixed manner to the shaft and which 1is

clectrically coupled to the rotor winding system,

wherein the at least one inverter 1s configured to

generate actuation signals for the rotor winding system,

the method comprising the steps of:

generating the actuating signals such that a first rotor
rotating field and a second rotor rotating field rotat-
ing 1n opposition to the first rotor rotating field are
generated, wherein

the generating of the actuation signals for the rotor
winding system solely depend on signals detected on
the rotor side, wherein
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the signals detected on the rotor side comprise rotor
voltages of the rotor winding system,
the rotor voltages of the rotor winding system are
measured 1n a zero-current state of the rotor winding,
system, wherein values of an instantancous grid
voltage amplitude, an instantaneous grid frequency,
an 1nstantaneous rotor rotation speed, and/or an
instantaneous rotor position angle are ascertained
based on a time profile of the rotor voltages.
4. A drive system, comprising;:
a three-phase motor, comprising;
a shaft,

a first three-phase stator winding which 1s to be con-
nected to a three-phase AC voltage gnid,
a second three-phase stator winding which 1s to be
connected to the three-phase AC voltage grid 1n such
a way that a second stator rotating field rotating 1n
opposition results with respect to a first stator rotat-
ing field which 1s generated by the first stator wind-
ing, and
a rotor winding system which 1s mechanically coupled
in a rotationally fixed manner to the shaft, and
at least one inverter which 1s mechanically coupled 1n a
rotationally fixed manner to the shaft and which 1s
clectrically coupled to the rotor winding system,
wherein the at least one inverter 1s configured to
generate actuation signals for the rotor winding system
such that a first rotor rotating field and a second rotor
rotating field rotating in opposition to the first rotor
rotating field are generated,
wherein the at least one inverter 1s configured to generate
the actuation signals for the rotor winding system
solely depending on signals detected on the rotor side,
wherein the signals detected on the rotor side comprise
phase current signals of the rotor winding system,
wherein the phase current signals detected on the rotor
side are divided by calculation into first components,
which belong to the first rotor rotating field, and into
second components, which belong to the second rotor
rotating field, and
wherein the phase current signals which are associated
with the first rotor rotating field and with the second
rotor rotating field by means of the division by calcu-
lation are divided by calculation into symmetrical com-
ponents with co-rotating and counter-rotating compo-
nents given an asymmetrical time profile of the three-

phase AC voltage grid.
5. The drnive system as claimed in claim 4, further com-

prising:

a signal detection device which detects the rotor-side
signals.
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